A novel phytoplasma subgroup strain SC-Phy385 (GenBank accession number HF586648) was found associated with Sugarcane Grassy Shoot (SCGS) disease in India. Sugarcane (Saccharum officinarum L.) leaf samples with 'grassy shoot' symptoms were collected from the western region of Maharashtra state. The analysis based on restriction fragment length polymorphism (RFLP) profiles and 16S rRNA gene sequences indicated that most of the phytoplasma strains belong to the 16SrXI-B group. However, SCGS phytoplasma strain SC-Phy385 showed unique RFLP profiles with a similarity coefficient of 0.87 using online interactive phytoplasma classification tool, iPhyClassifier. The actual and virtual RFLP profiles of SC-Phy385 using amplified products of the 16S rRNA partial gene and its multiple sequence alignment with other RYD group phytoplasma sequences revealed that this strain was different from phytoplasma groups described earlier, representing new subgroup 16SrXI-F. The 16S rRNA gene-based phylogenetic analysis of reported RYD and BGWL group phytoplasmas showed that they are a genetically diverse group of phytoplasmas.
Phytoplasmas (Mollicutes) are known to infect thousands of plant species including many economically important crop species [1] . During the 1980s, phytoplasmas were identified on the basis of symptomatology, host range and vector specificity but these methods were not precise for differentiating phytoplasma strains which produce similar symptoms or distinct strains producing different symptoms in the host plants [2] [3] [4] . Later, phytoplasma-specific PCR oligonucleotide primers designed on the basis of the highly conserved 16S rRNA gene sequences made it possible to detect and identify a wide array of phytoplasmas infecting hundreds of plant species [5] [6] [7] [8] [9] . Phytoplasma taxonomy is currently based on diversity of 16S rRNA gene sequences and their restriction fragment length polymorphism (RFLP) patterns which are used for phytoplasma strain identification and classification. More than 30 groups and 140 subgroups have been reported so far and contributed to the understanding of diversity of phytoplasma at 16S rRNA gene level [10] [11] [12] .
Sugarcane rassy hoot (SCGS) disease associated by phytoplasma is one of the most destructive diseases of sugarcane. It is characterized by white leaves with partial or complete loss of chlorophyll and profuse tillering, giving the plant a grassy appearance hence the name 'Grassy Shoot' [13, 14] .
Sugarcane production in India has been reduced from 83 tons per acre to 81 tons per acre [15] indicating various threats affecting production which includes SCGS disease with an incidence of 4-6 % [13] . Sugarcane 'ratoon crop' has been observed to be more susceptible to SCGS disease as compared to 'plant crop' with disease incidence up to 70 %, significantly resulting in loss of quality cane used for sugar production. With sugarcane being a vegetatively propagated crop, this pathogen is transmitted via infested seed material and also by phloem-feeding leafhopper vectors of the order Hemiptera, mainly members of Cicadellidae [16] [17] [18] [19] [20] .
In the current study, we explored the 16S rRNA gene-based phylogenetic diversity and virtual RFLP analysis of SCGS phytoplasmas from western Maharashtrian districts of India in comparison to phytoplasma sequences available in public databases. Additionally, an attempt has been made to analyse the reference sequences of phytoplasmas from groups 16SrXI and 16SrXIV for their 16S rRNA gene-based genetic relationship and classification based on RFLP similarity coefficients. [21] from sugarcane samples exhibiting at least one or more of the symptoms of SCGS disease. The phytoplasma 16S rRNA gene was detected using PCR assay, purified and sequenced as described previously [22] . The obtained 16S rRNA gene sequences were compared with 16S rRNA gene sequences from the EzTaxon database [23] . The evolutionary history was inferred using the eighbour-oining method. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree using MEGA6 software package [24] .
Computer-simulated RFLP analysis of the 16S rRNA gene was performed with obtained~1250 bp of (R16F2n-and R16R2-generated PCR product) sequences and reference sequences of strains of phytoplasma 16SrXI subgroups available in the GenBank nucleotide database. In silico restriction analysis and virtual RFLP plotting was performed using iPhyClassifier software, which performs sequence similarity analysis, simulates laboratory restriction enzyme digestions and subsequent gel electrophoresis, and generates virtual RFLP profiles and pairwise similarity coefficients with the rest of the phytoplasma strains [12] . The virtual RFLP patterns were compared and a similarity coefficient (F) was calculated for each pair of phytoplasma strains according to the formula F=2Nxy/(Nx+Ny), described previously [10] . Based on the in silico iPhyClassifier results, R16F2n-and R16R2-generated PCR products were digested separately with restriction endonucleases MseI, BfaI and SCGS phytoplasma strain Bidar (DQ459438) 16SrXI SCGS phytoplasma strain Pune (DQ459439) 16SrXI Sugarcane white leaf phytoplasma (AB052874) 16SrXI SCGS phytoplasma strain CB93019 (EF614269) 16SrXI Mollicutes from Saccharum officinarum strain BGWL (X76432) 16SrXI-B SCGS phytoplasma strain SC Phy425 (HF586652)16SrXI-B Coconut root wilt phytoplasma (FJ794816) ND Coconut root wilt phytoplasma strain kayankulam (JX273772) 16SrXI SCWL phytoplasma strain DNAI NTTT 2012 (KC295286) 16SrXI SCWL phytoplasma strain Yuetang 86 368 (KR020685) 16SrXI-D Napier grass stunt phytoplasma strain S10:9 (AY736374) 16SrXI Indian arecanut yellow leaf phytoplasma strain S1 (JN967909) 16SrXI
Indian arecanut yellow leaf phytoplasma strain S2 (JN967910) 16SrXI Goose grass white leaf phytoplasma (AB741629) 16SrXI Sorghum grassy shoot phytoplasma (AF509324) 16SrXI SCGS phytoplasma strain SC Phy385 (HF586648) 16SrXI-F 'Candidatus Phytoplasma oryzae' strain MPL16SRIII (D12581) 16SrXI-A 'Candidatus Phytoplasma oryzae' strain RYD Th (AB052873) 16SrXI-A BGWL phytoplasma (Y16388) ND BGWL phytoplasma strain BGWL C1 (AJ550984) 16SrXIV-A Cynodon white leaf phytoplasma (AF509321) 16SrXI 'Candidatus Phytoplasma cynodontis' strain Bduong TT 2012 (KC295287) 16SrXI 'Candidatus Phytoplasma cynodontis' strain LY C1 (EU409293) 16SrXI 'Candidatus Phytoplasma cynodontis' strain BGWL Di sa (GQ403689) 16SrXI Coconut yellow decline phytoplasma (EU328159) 16SrXI 'Candidatus Phytoplasma cynodontis' strain BGWL Op bu (GQ403690) ND Coconut yellow decline phytoplasma (EU636906) 16SrXI 'Candidatus Phytoplasma cirsii' strain CirYS (KR869146) 16SrXI-E Napier grass stunt phytoplasma strain NGS (JQ868443) 16SrXI Psammotettix cephalotes borne phytoplasma strain BVK (HQ589192) 16SrXI-C Sorghum bunchy shoot phytoplasma (AF509322) 16SrXXIV-A Sugarcane phytoplasma strain Mauritius (AJ539179) 16SrXXVI-A Sugarcane phytoplasma strain Mauritius (AJ539180) 16SrXXVII-A 'Candidatus Phytoplasma mali' strain AP15 (AJ542541)
Acholeplasma laidlawii (M23932) HinfI (Fermentas) according to the manufacturer's instructions to confirm the in silico results. The resulting digests were electrophoresed on 10 % polyacrylamide gel and stained with ethidium bromide (Himedia), and RFLP patterns were visualized by UV transillumination. Fragment profiles obtained for the phytoplasmas were compared with published RFLP patterns of phytoplasma representatives of other subgroups.
The phytoplasma 16S rRNA gene was detected in all collected symptomatic samples in nested PCR. No amplification was observed in asymptomatic sugarcane plants. We analysed obtained 16S rRNA gene sequences (GenBank accession numbers HF586636-HF586665, HF571986 and HF571987) using iPhyClassifier. The SCGS phytoplasma strain SC-Phy385 (HF586648) showed unique RFLP profiles with similarity coefficients of 0.76, 0.80,0.87 and 0.80 with groups 16SrXI-E, 16SrXI-D, 16SrXI-B and 16SrXI-A, respectively ( Table 1) . The results obtained from actual restriction digestion of PCR products correlated with RFLP images obtained using iPhyClassifier (Fig. S1 , available in the online Supplementary Material). The actual and virtual RFLP profiles of SC-Phy385 and multiple sequence alignment of partial 16S rRNA gene revealed that strain SCPhy385 was different from phytoplasma groups described earlier, representing the new subgroup 16SrXI-F. All other phytoplasma strains from this study were found to belong to the 16SrXI-B subgroup and the 16S rRNA gene sequence of strain SC-Phy425 (GenBank accession number HF586652) was taken as representative of group 16SrXI-B for calculating similarity coefficients with other phytoplasmas ( Table 1 ). The strain SC-Phy385 showed sequence similarity of 98.08 % with reference strain BGWL-C1 belonging to 'Candidatus Phytoplasma cynodontis', (GenBank accession number AJ550984) and 97.83 % with strain RYD-J ('Candidatus Phytoplasma oryzae', GenBank accession number D12581) when compared using the EzTaxon 16S rRNA gene database. Phylogenetic analysis of the 16S rRNA gene sequence from strain SC-Phy385 also indicated that the strain represents a distinct lineage within the 16SrXI group phytoplasmas (Fig. 1) .
Earlier, the phytoplasmas associated with rice, Bermuda grass, sugarcane, Cynodon, annual bluegrass, brachiaria grass, Napier grass and sorghum were shown to belong to the RYD group based on plant host specificity, DNA probes and RFLP patterns [25] [26] [27] , and were later classified into RYD (16SrXI) and BGWL (16SrXIV) groups based on their RFLP similarity coefficients [10, 11] and [12] . These phytoplasmas share common symptoms such as leaf chlorosis, yellow or white leaf, proliferation of tillers and host grass plants. We analysed R16F2n/R16R2 region sequences of phytoplasma strains belonging to RYD and SCWL groups obtained from the GenBank database. We found that strains viz. SC-Phy425 (GenBank accession number HF586652), SC-Phy385 (HF586648), DNAI-NTTT.2012 (KC295286), Pune (DQ459439), Bidar (DQ459438) and CB93019 (EF614269) associated with sugarcane; BGWL Di Sa (GQ403689) and LY C1 (EU409293) associated with Bermuda grass; S2 (JN967910) associated with arecanut; NGS (JQ868443) and S10 : 9 (AY736374) associated with Napier grass; Coconut Yellow Decline (EU328159); Bduong TT 2012 (KC295287) and Cynodon White Leaf (AF509321) associated with Cynodon dactylon; and Goose grass white leaf (AB741629) and Sorghum grassy shoot (AF509324) have RFLP similarity coefficients ranging between 0.85-0.93 (Table 1) and formed a distinct lineage with RYD and BGWL groups in phylogenetic analysis under a single cluster as compared to other phytoplasma RFLP groups (Fig. 1) . Additionally, phylogenetic analysis of 16S rRNA gene sequences of Coconut Root Wilt (FJ794816), BGWL-Obu (GQ403690) and BGWL (Y16388) phytoplasma strains indicated that they also represent a distinct phytoplasma lineage with RYD and BGWL group phytoplasmas and have similarity coefficients less than 0.85. Simultaneously, in contrast the 16S rRNA gene sequence similarity of these strains ranged between 97.27 to 99.32 % with the reference sequence of 'Ca. Phytoplasma cynodontis' (AJ550984) [28] and 96.8 to 97.77 % with 'Ca. Phytoplasma oryzae' (D12581) [29] which belong to 16SrXIV-A and 16SrXI-A subgroups, respectively. Despite this, the sequence analysis indicated that these phytoplasmas are related to each other but genetically diverse within themselves. All of analysed strains remained 'undetermined' for their species, group or subgroup level classification, unless analysed by actual RFLP results and additional genomic and ecological data. 
